I. INTRODUCTION
Character segmentation has been a challenging problem in unconstrained handwritten Chinese character recognition for a long time. As the recognition system is currently being developed to recognize cursive continuous characters (e.g. word recognition), it is necessary to find an effective method to separate the characters automatically. Actually, character segmentation has become an essential part of on-line handwritten Chinese word recognition [1] [2] .
Many approaches have been reported for the segmentation of unconstrained handwritten Chinese characters. Such as histogram projection, connected components, stroke bounding boxes, recognition-based segmentation and holistic [3] [4] [9] . However, most of them are focused on the off-line handwritten Chinese characters segmentation and few studies are related to the on-line cursive Chinese characters segmentation. For off-line handwritten Chinese character segmentation, many methods use the prior knowledge about Chinese character structure [5] [7] [10] . The segmentation problem that characters may be written to touch each other or to overlap with each other is still not an easy one [4] [9] . For on-line handwritten Chinese character segmentation , there are only a few studies reported and the methods proposed in these papers often demand high computation complexity [1] [8] .
Furthermore, little attention is paid on the use of the on-line information of the Chinese character strokes for segmentation.
In this paper, we focus on the on-line unconstrained handwritten Chinese word segmentation and propose a new point of view for the on-line handwritten Chinese character segmentation. We adopt the sequence information of strokes to segment the unconstrained handwritten Chinese word samples. According to the investigation of a large number of unconstrained handwritten Chinese word samples, two segmentation features, Stroke Speed Feature (SSF) and Stroke Vector Feature (SVF), are proposed. Both of them are with low computation complexity and easy to implement, especially for the Stroke Vector Feature. Compared with the conventional histogram projection method, Stroke Vector Feature has a similar computation complexity but a better performance. We found that these segmentation features are useful for the coarse segmentation stage. Based on the observation of the structural characteristics of Chinese handwritings and experimental results, we tentatively put forward a conclusion that by using the SVF we can detect the last stroke of the previous charachter with a good accuracy. It may be the reason for the good performance of Stroke Vector Feature when two characters touch each other or overlap.
The remaining parts of the paper are organized as follows. In Sectionʳ II, we describe the two new segmentation features respectively. Experimental results and discussion are given in SectionʳIII and we conclude the paper in SectionʳIV.
II. SEGMENTATION BASED ON STROKE SPEED FEATURE AND STROKE VECTOR FEATURE
For on-line Chinese character recognition, the segmentation is an important pre-processing because correct recognition of characters relies on correct segmentation of characters. In order to achieve good performance in segmenting unconstrained handwritten Chinese word, the segmentation approach should take account of some special properties of Chinese characters. We studied a large number of unconstrained handwritten Chinese word samples and finally found out two new segmentation features that not only can be computed easily but also have good correct segmentation rate, which will be described as follows. 
Several segmentation candidate strokes are chosen by sorting the sequence in descending order according to the feature value. The first one from the sorted sequence is denoted as the first candidate stroke and etc. The rightmost points of the candidate strokes are then extracted and taken as candidate segmentation points through each of which a segmentation path may be formed, as shown in Fig. 1(b) . For a clear view of different candidate segmentation points, we use different line styles to represent the candidate sequence, as shown in Fig.1(a) . As it is known, an on-line handwritten Chinese character is an ideograph and composed of sequential strokes. Based on the observation of the structural characteristics of Chinese handwritings and experimental results, the value between two characters' strokes is normally greater than the values between each character's internal strokes. Therefore, we can segment the word samples effectively by using this property via SVF and this approach is also robust for the segmentation task that characters may be written to touch each other or to overlap with each other.
B. Stroke Speed Feature (SSF)
We denote the elapsed time between the first points of the stroke i S and 1 
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III. EXPERIMENTAL RESULTS AND DISCUSSION
15 sets of uncontrained cursive handwritten Chinese word samples were collected by us using PDA(personal digital assistant) and Tablet PC. Each set consists of 14822 twocharacter words, 1195 three-character words and 1349 fourcharacter words. The writers of the samples include postgraduates, undergraduate students and workers.
The data used in the experiments are part of the whole handwritten word database. From the two-character, threecharacter, and four-character word samples of each set, we randomly chose 500 samples respectively to test the two features. Some examples of the data are illustrated in Fig. 3 . 
A. Experimental Results
We use the correct segmentation rate (CSR), i.e. the ratio of correctly segmented word samples among all reference segmented word samples, to evaluate the performance of Stroke Vector Feature and Stroke Speed Feature. Table I gives the CSR of first candidate segmentation results. From Table I , it can be seen that the correct segmentation rate of SVF is higher than SSF. For two-character word, the best result achieved is 64.73%. Although this rate is not high enough, but considering the tough segmentation task we faced (cursive handwritten Chinese word that are written freely in an unconstraint manner), the results we got using the novel features is still encouraging.
As many popular segmentation algorithms contain a coarse segmentation stage, it is necessary to find some approach to generate several candidate segmentation points effectively. Thus, using the same test set as Table I , we carried out some experiments to evaluate the performace of these two features when increasing the number of candidates. The results are shown in Table II . The leftmost column denotes the number of candidates based on the first candidate segmentation path. It can be seen that SVF is superior to SSF. When we supply 3 more candidates for segmentation, the CSRs of SVF are improved to 85.06%, 79.55% and 74.56% for two-character, three-character and four-character word respectively. If we increase the number of candidates, the CSR will be higher and the contextual and recognition information may be used to verify the candidate segmentation paths. For SSF, the correct rate sometimes doesn't increase but even decrease, this is due to the fact that a great number of samples couldn't obtain enough number of candidates for In another experiment, we randomly chose 2000 twocharacter word samples from the whole database to compare the performance of our method against histogram projection method, which is a frequently used basic method in handwritten characters segmentation [2] [4] . Table III gives the results. From Table III , it can be seen that, the proposed method using SVF has a significant improvement of 10.57% CSR than histogram projection method for the top 1 candidate segmentation result. For the situations of more than one additional segmentation candidates, SVF still outperform the histogram method, showing that the segmentation method using SVF is effective. However, the performance of SSF is not good enough, but it provides some alternative segmentation information which might be integrated with SVF to produce much better performance, which worth our further study.
B. Discussion on Stroke Vector Feature
In unconstrained cursive handwritten Chinese characters, characters may be written to touch each other or to overlap with each other, therefore the segmentation problem is a tough task.
After observing a large number of handwritten Chinese word samples segmented with SVF, we found that this feature is good for the previous segmentation problem. With a small computational cost, the SVF can segment the word whose characters touch each other or overlap with good accuracy. Based on the analysis of the structural characteristics of Chinese handwritings and experimental results, it is found that last stroke of the previous charachter in a Chinese word (usually this is a valid segmentation point) can be detected using SVF with a high accuracy.
If the last stroke of the previous charachter is detected correctly, then, with the stroke sequence information of the word, the previous character can be recovered from the word and the characters can be segemented perfectly. It is worth to noting that to segment character using SVF is based on the hypothesis that there is pen up when one character is written completely. In most situations, people writing habits is in according with this hypothesis. Some detail examples with forward recovering results (FRR) at each candidate segmentation points are shown in Fig. 4 , Fig. 5 and Fig. 6 . It can be seen that although the characters in these words touch or overlap heavily, we can segment the correct character using SVF successfully. 
IV. CONCLUSION
In this paper, two novel features that make use of the online writing information, Stroke Vector Feature (SVF) and Stroke Speed Feature (SSF), have been proposed for on-line handwritten Chinese word segmentation. Both of them are based on the stroke sequence information, which is obviously different from the conventional segmentation methods.
Experimental results show that the SVF has a better performance than traditional histogram method. SVF is found especially effective for the segmentaion of word in which two characters touch each other or overlap. Moreover, these two segmentation features have low computation complexity and can be used at the coarse segmentation stage of many popular segmentation algorithms. Though the performance of SSF is not good enough, but it provides some alternative segmentation information which might be integrated with SVF to produce much better performance, which worth our further study. However, to solve the segmentation completely and obtain a high enough performance still need improving both of the features and may need more elaborate processing such as employing a classifier to guide segmentation or using large vocabulary lexicon to verify and correct the segmentation results.
